Human hepatocellular carcinoma cell line (HepG2) was obtained from the American Type Culture Collection (Rockville MD, USA) and cryopreserved at -200 ºC prior to use. Dulbecco's Modified Eagle's Medium (DMEM, M0643, Sigma-Aldrich, USA) supplemented with 10% fetal bovine serum, 2.2 g/L NaHCO 3 , 1 mM sodium pyruvate, 100 U/mL penicillin, 100 µg/mL streptomycin, 0.25 µg/mL amphotericin and 1% penicillin-streptomycin was used at 37 °C in an atmosphere of 5% CO 2 for culture and other cellular experiments with HepG2 cells.
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© The Royal Society of Chemistry 2013 2 attached EDAX spectrometer. The spatial resolution is <1 nm through the acquisition of high resolution (~0.2 nm) high-angle angular dark field (HAADF) images, which is sensitive to atomic number (Z) contrast. Figure S1 . EDX spectrum of a representative ZnMoS 4 nanoparticle (Note the copper peak is due to the use of copper TEM grid). Powder X-ray Diffraction Analyses. The X-ray diffraction (XRD) measurements were recorded for the samples using a PANanalytical, Inc. X'Pert Pro (MPD) Multi-Purpose Diffractometer with Cu Kα radiation (1.5406 A) at an operating voltage of 45 kV. The ZnMoS 4 nanoparticles prepared at room temperature using the above described procedure gave a product with the elemental composition of Zn:Mo:S=1:1:4, but with poor crystallinity. In order to increase the crystallinity, the reaction mixture was charged into a Teflon-lined autoclave and heated at 120 ºC for 1 hour. After dialysis and lyapholization, the isolated ZnMoS 4 nanoparticles were found to be crystalline ( Figure 3SA ), although the size of nanoparticles had grown to larger than 100 nm. Similarly, the bulk ZnMoS 4 material was prepared under solvothermal conditions at temperature of 150 ºC. In a typical reaction, 87 mg of (NH 4 ) 2 [2]
The K sp values for the above compounds were determined according to the following procedure: about 300 mg of each compound was weighed into separate 1 L beakers. 500 mL of deionized water was then added to each beaker, and the solutions were stirred at 25 o C for 48 hrs. The solutions were kept undisturbed for another 24 hrs to allow any suspended particles to settle. 25 mL aliquot from each supernatant solution was pipetted into 50 mL beakers and heated to dryness. Next 1 mL of concentrated nitric acid was added to each beaker and diluted the solutions by adding 2 mL of deionized water. The metal ion concentration was determined using AA for each of the solutions.
Studies of Zn-Cu ion-exchange kinetics, capacity and selectivity in aqueous soltuion. The kinetics of copper removal was done by using 50 mL of 500 µM copper(I) solution. Because Cu(I) disproportionates in water, but can be stabilized by the addition of acetonitrile. Furthermore, Cu(I) is more soluble in acetonitrile than in water. [2] Therefore, copper(I) chloride was dissolved in 80% acetonitrile solution to prepare Cu(I) solution. 100 mg of ZnMoS 4 nanoparticles was placed in a dialysis bag followed by adding copper solution while stirring. Then aliquots of outside solution were taken out at different time intervals. The aliquots were then evaporated to dryness and re-dissolved in 2% HNO 3 acid and diluted with deionized water before analyzing the copper content with AA. The kinetics data of the ion-exchange reaction can be fitted into two separate rate laws. A pseudo first-order up to the reaction time point of ~60 min with a rate constant of k 1 =3.0×10 -4 s -1 with a half-life of t 1/2 = 38.5 min ( Figure S4A ). The second part can be fitted to the second order rate law with a rate constant of k 2 = 1.8 × 10 Figure S4B ). Competitive removal studies were performed by soaking the dialysis bag containing 5 mL nanoparticles (10 mM) in a solution of copper(I), manganese(II), iron(II), zinc(II), calcium(II) and potassium(I). The concentration of each metal in the competitive solution was ~100 mg/L. After 48 hrs, an aliquot of solution was taken out and diluted with 2 % HNO 3 acid and analyzed for each metal ion using AA.
Nanoparticle-surface conjugation of fluorescence dye molecules and cell uptake studies. Confocal scanning microscopy was used to investigate the cellular uptake studies. Nanoparticles were resuspended in 2 mL of PVP solution (100 mg of PVP in 1 mL). 1.5 equivalents of ethylenediamine were then added to it under vigorous stirring. The resultant mixture was stirred for another 24 hrs and excess ethylenediamine was removed by dialysis against distilled water for two days. Then 5 mL of carboxyfluorescein dye (0.35 mg/mL) was reacted with 1.2 eq of EDC (≈1.5 mg) for 24 hrs. The ethylenediamine coated nanoparticles were then added to the 2 mL of above reaction mixture and stirred for Ca. 24 hrs. Finally the product was dialyzed to remove excess dye. The fluorescence spectra of the carboxyfluorescein dye and the nanoparticles after attaching the dye were obtained to confirm the conjugation of the dye to the nanoparticle Cell Viability Assays. Cytotoxicity studies were performed using the MTT viability assay. HepG2 cells were seeded in a 96-well plate at a density of 2 × 10 4 cells per well with the DMEM low glucose medium and incubated for 5 hrs at 37 °C in an atmosphere of 5% CO 2 and 95% air to allow cells to attach to the surface. Cells in each well were then treated with 100 μL of fresh medium containing varying concentrations of the nanoparticles and then incubated for 24 hrs or 48 hrs. Control wells contained the same medium without nanoparticles. The cells were then trypsinized and re-suspended in 100 μL medium without serum, then added to 100 μL of 0.4% trypan blue solution. Viable and non-viable cells were counted using a hemocytometer. Each 
